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SUMMARY

A lowpeed wind+hnnel investigation was made of a ~-scsle model
4.5

of an airplane having a 38.7 sweptback wfng wi~ en as~ct”ratio of 4.51,
a tawr ratio of 0.54, and conventional tail surfaces. The investigation
was conducted with several leading-edge and tail configurations to
determine the low-sxed stalility and control characteristics. Good
agreement was obtained between values of the lift+urve S1OR and the
angle of attack for maximum lift obtained expwhmtally and the calculated
values obtained by using a cosine relationship with lift-curve S1OIBS and
angle of stall of the unswept wing. A leading-edge modification simulating
a circular-arc wing gave a value of 0.51 for the slop of the tail-off
lift curve and a maximum lift coefficient of 0.88 as compared with corre-
spending values of O.5g and 1.04 for the plain wing.

In general, the MO*1 showed a large margin of static longitudinal
stability a%out a center of gravity located at 18 ~rcent of the mean
aerodynamic chord. At lift coefficients nesr the stall, particularly
with the flaps down, there was a decrease of stability and sometimes
instabilityy existed through a smaU lift-coefficient range, which was
followed thereafter by increased stability at staXl. The elevator, how–
ever, was ca@le of tr5mming the model at mxhum lift. The simulated
Circulsr—arc wing gave a lsrge variation of longitudinal stability with
lift coefficient. The static margin was large at low lift coeff~cients,
negative at higher lift coefficients and, at ~ lift, was lexge again.

The effective Mhedral of the model increased with lift coefficient
in a manner similar to that obtained with other swept wings and the
veriation of effective.dihedral with lift coefficient for the wing alone
was in good agreemenk with the calculated value. A good correlation of
wing-fuselage interference effect on effective dihedrsl was obtained
letween data for the test model and other American and German data. This
model gave low aileron effectiveness for aU leading-edge co~igurat ion~
tested.
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INTRODUCTION

. The
aircraft
Sibility

“sweptbadrwing offers a means of increasfig the speed of an
to a vslue approaching the swed of sound by delayihg compres-
effectQ. When the wing is sweptback, however, the aeromc

characteristics ere USUEUy adversely affected in the low-swed r&ge.

The present papr contains the aerodynamic characteristics of

~~cale model of au airplane with a eweptback ~ as determined
a 4.5
from tests h the Langley 300 MPH 7– by 10-foot tunml. The usual
stability and control tests were made and, in this case, several leading-
edge configurateions (plain, slotted, and.drooped nose) which might be
used with a sweptback w3.ngdesign were investigated. Data with various
tail configuration are given. Also included are the results obtained
with a simulated circul-c airfoil section.

A separate investigation was made to determine the flight charac-
teristics of a dnilar full-scale airplane and to determine whether
correlations exe wssible between wind-tunnel results and flightiest
results on sweptb~k wings. The results
reported in references 1 and 2.

COEFFICIENTS AND

,
of the flight investigation are

SYMBOE3

The results of tb tests are presented as standard NACA coefficients
of forces end moments. R03mwJ-, Y-s-, ad pitcmw+~nt coefficients
are refereed to a center of gravity located at 18 percent of the man aero-
dynamic chord. (See fig. 1.) The data are refe~d to the stability axes,
which are a system of axes having their origin at the center of gravity
and in which the Z-axis is in the plane of symetry and ~rpmiicular to
the relative wind, the X-axis is in the plane of symmetry and ~rpendicular
to the Z-axis, and the Y-axis is perpendicular to the plane of syomBtry.
The XMMitive directions of the stability axes and of angular displacements
of the airplane and control surfaces ere shown in figure 2. ,

The coefficients and symlols are defined as follows:

CL lift coefficient (Lift/qS)

C* longitudinal-force coefficient (X/qS)

Cy lateral-force coefficient (Y/qS)

Cz ro~ing+mment coefficient (L/@b )

—.. ..— —. ..— . . .. .- —,—. —.. - . .. .._ —-_——..,. .
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pitching+lloment coefficient (M/qS6)

yawing—moment coefficient (I?/qSb)

maximum lift coefficient obtained for a particular cotiiguration

‘remnt h %* due to wing-fuselage interference

(

cl – Cz
‘hQ-fuselage conibinat~on )* wing alone

longitudinal force along X-axis, punds

lateral force along Y-axis, pounds

normsl force elong Z-axis (Lift = -Z),pounds

rolMng moment about &axis, pound-foot

pitching moment about Y-axis, pm.znd-foot

yawing mometi abcnrbZ-axis, wund-f oot

(V-2 )free-stresm dynamic pressure, pxnda per square foot ~ /2

effective dynamic pressure at tail, punds pr squsre foot

wing erea (12.36 sq ft on model)

horizontal tail area (2.29 sq ft on model)

wing mean aerodynamic chord (1.733 f% on model)

wing chord, feet

ting s-&wl (7.47 ft

air velocity, feet

propiller diameter

Reynolds number

on nmdel)

~r second

(2.574 ft on model)

aspct ratio (b2/S)

.. . .. —-__ ——_.. _ _. ..._. ___ _______ .—— -.— .... .- — —--,— ---- . . ...—---- . ..— —



4 MACA TN No. 1742

mass density of

angle of

angle of

angle of

wing tip

fueelage

fbelage

dii3tence

attack

attack

air, slugs pr cubic foot

of root chord line, degrees

of thrust line, degrees (a - 1.20°)

yaw, degrees

helix angle & roll, radians

length, feet .

diameter, feet

of wing almve fuselage center line, feet

average downwash @e at tail, degrees

angle of stabilizer with respct to thrust line, positive when
trailing edge is down, degrees

control-mrface deflection, ineasuredin a plane ~rpnMcular to
hinge axis, degees

propeller blade @e at O.n radius, degrees

neutral-wint looation, prcent wing mean aerodynamic chord of
model

lea-dge sweep angle, degrees

wing dihedrel single,degrees

ta~r ratio (Tip chord/Root chord)

rate of change of downwash with angle of attack

Subscripts:

a aileron

aL “ left aileron

e elevator

r rudder

f flap (rear lift flap)

rn nose nap

.—— -...— —-..——— ——— .—— —-— -..— —. -..————= ——-—.— - --–—. -—— .-
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.

horizontal tail

denotes partial derivative of a coefficient with respect to

APPARATUS AND-

, Model

General.– The airplane which the model simulated (references 1 and 2)
is a sweptback+ing version of a conventional fightetiype airplane which
was atipted for tests by sweeping the wing back 35° from a point just
outboard of the intake ducts in the manner shown 3R figures 1, 3, and 4
and by redesi~ ox the wing tips. The modifications resulted h a wing
having the following parameters: 38.70 sweep o the leaiiingedge,
4.51 as~ct ratio, and 0.54 tamr ratio. The 1

4.5
-scale mdel used in “

the present investigation is shown in figure 3 mounted in the tunnel for
testing.

Ilro@_ler.– T4e propeller on the model is a three+lade exact+;ale
mbdel of the propeller used on the fuld.-scaleairplme. The blade angle
used for ti tests was 28° at the 0.75 radius.

wing modifications.— The wing was so constructed that a slotted
section could be fitted along the leading edge of the sweptback mrt.
The prcentage of swept spaz-covered by these slots could be varied in
four steps Basmed from the wing tip – 40, 60, 80, and 100 ~rcent span –
as shown h figure 4. Typical sections tlrough the slot are shown in
figure 5: When the slots are closed, the configuration is refereed to as
the plain nose or plain wing. The outer -~rcent+ing s- could also
be fitted with a droop+ose Qap having a 30° deflection. A typical
section of the nose flap is shown in figure 6. A cente~ect ion nose
fairing was used in some tests to fill in the ~meoftk~
in front of the intalm ducts and there%y to give the entire leading edge
a sweep of 38. TO. (See fig. 7.) For prt of the investigation the wing
section was changed to a sinuilatedcircular—arc section by the adtition
of a sheet metal fair- with a circular+r c contour qt the leading edge
of the wing. The fairing extended from the fuselage intersection to the
tip of the wing. The resultant airfoil thickness was approximately
14.8 percent of the extended chord. This modification resulted in a
chord increase of 13.0 percent and an area increase of 12.69 ~rcent over
that of the original wing. (See fig. 8.) TW outer 40 ~rcent span of
the circulsr—arc wing was equipped with replaceablenose flaps of O0, 150,
or 30° deflections. lHgure 9 shows the circul~c model equipped with
the 150 nose flap. ‘Typicalsections of the circulax—arc ~ are shown
in figure 10.

All wing configurations had plain lift flaps and dlerom of airfoil

——. ..—.-.-—--- -. . —.------——--———.——. ———- —..— --— -—— — . . .. -—-—. —-
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contour with the
per~ndicular to
wing span.

flap and aileron
the hinge -B.

NACA TN NOs1742

chord 15.1 percent of the wing chord
The flap S- was 52 prcent of the

.

Tail confimrations.- The modifications to increase the fuselam
length of the model were different from those of the ffl-scale air-
of references 1 and 2. On the full-scale airplane a &foot section,
which would correspond to 10.667 inches on the model, of constant cross-
sectional area, was added just behind the c6clrpitat a point that would
correspmd to the 51.&inch station on the model and provisions were
made for decreasing the stahilizer incidence 4° as indicated by the dash
line of figure U. On the model the tail length was increased by adding
a section of constant cross+ ectional area behind the 68.88-inch station
with no change in tail height as shown liythe heavy line of the figure.
The stabilizer of the model was ad~ustable.

The model was tested with various ventral-fin arrangements shown in
figure U.. The model origitily had a small ventral fin extending some
distance along the fuselage; this model configuration is refened to
herein as the model with ventral fin 1. V’entralfti 2 and 3 were large
fins attached to the model with the extended fuselage, as shown in
fi~es 7 snd 12. The general arrangement of the verious tail confie
rationa is shown in figure 11.

.

‘ZESTCONDITIONS AND PROCEDURE

The investigationwas made in the Ia@ey 300 MPH 7– by l&foot
tumnel at a dynsmic pressure of appro-tely 40.85 pounds pm square
foot for most tests. For the few pwer tests that were made, the dynsmic
pressure was reduced to a value of 15.12 to secure the desired thrust
coefficient. For some of the tests, a turbulence net was installed in
the tunnel tich increased the effective Reynolds nmiber by a factor
of 2.24, as determined from sphere tests at the pivot @nt. The effec–
tive Reynolds number of the tests varied from 2.05 X 106 with the net

out to 4.59 x 106 with the net instdle-d.. The effective Reynolds
nuuiberat which each test was made is noted on the figures.

The stability and control characteristics of the ~
4.5

-scale model

were obtained by mdntaining control surfaces at the desired setting and
by vsxyin.gthe angle of attack or eql.e of yaw, depending on the desired
characteristic. The lateral and directional.+tability derivatives were
obtained from pitch tests at angles of yaw of S0 by assuming linear
characteristics over the small yaw range. Aileron effectiveness was
measured from data taken with only the left aileron deflected, the right
aileron being maintained at zero deflection.

<-1

-— -—— .— .
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In order to
and 2, the tests
as retraction of

obtain data consistent with the flight data of references 1
of the model were conducted with the main wheels down,
the main wheels on the airplane was impossible. The

nose=wheel door of the model was also left ~ff for test; with the simulated

circ~c *•

Most of the tests wme made with the lyro~ller windmilling, a few
with the propeller removed, and a few with the power on. l?orthe power-
on teats a level-fli@t condition was appro-ted by varying the pro@ler
rotational speed to obtain zero net drag with the tunnel o~rating. For
powered yaw tests the propeller rotational speed was held constant at
approximately 3000 rpn for the condition corresponding to zero net drag
at 0° yaw. For these tests the model pro@ler torque coefficient was
slightly less than that for a corresponding power condition on the full— .
scale airplane.

For the purpose of obtaining some information on effective dihedral,
the wing was tested without the fusel~. lh tld.scase, the main landing
gear remained on the wing.

All tail.+ff tests were made with the ventral fin removed.

Some tests were made with wool tufts attached to the wing to obse~e
the air ‘flowslong the stiace of the wing. The results of some of these
visual olse~ations are repmted in the ~~r.

Corrections

Approximate jet-boq corrections based on ~thods used for
unswept wings have been applied to the sagleb of attack, the longitudinal–
force coefficients, and the tail-on pitch~ nt coefficients. The
corrections were computed as foIlows by the use of reference 3:

& = 1.42CL (deg)

AC= . +. 0198CL2

Acm = o. 0132cL .

All jet+oundary corrections were added to the test data.

All data were corrected for blocking by the ~thod given in reference 4.
(The correction factor was 1.0204.) An incremeti in longitudinal-force
coefficient of 0.0006 has been added to take into account the horizontal
buoyancy effected by the longitudinal static-pressure gradient in the
tunnel for all tests.

----- ---- --—. .- —... —...—— ..-—. .... —+. ..—.— —.-.—. .—. ..-. _.— _
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Tare tests were not made; hence the data are uncorrected for the
effect of the model suyport struts.

RESULTS AND DISCUSSION

Presentation of Data

The aerodynamic characteristics in pitch for the vsrious model
configurations are presented in figures 13 to 34. The effect of leading-
edge slots on the lift characteristics are compared in figures 13 to 16.
The results of stabilizer tests to determine the longitudinal stability
are presented in figures 17 to 25 whereas the neutral points, which
summarize tlm results on longitudinal stability, sre presented in
figures 26 to 29. The corresponding dynamic pressure ratios and downwash
angles szw given in figures 30 to 32. The longitu&lal control charac-
teristics of the various models are summarized in figures 33 and 34.

The lateral and directional stability derivatives, which were obtained
at so yaw, are presented in figures 35 to 48. Ilgwes 49 to 59 contain
the aerodynamic characteristicsbetween ~0° yaw fra which the lateral
and directionel stability at large angles of yaw may be determined. The
effect of aileron deflection on the aerodynamic characteristics in pitch,
sre given in figure 60. The lateral control characteristics of the model
which include M estimation of
presented in figmes 61 to 65.
given in figures 66 to 68.

Lift

the rate–of-roll of the airplane, are
Directional control characteristics are

Characteristics

Plain sweptback wing.– Because of the sweep designpd into the air-
plsme wing, the lift characteristicswould probably le materially changed
from those of the unswept wing. Characteristics usually affected are the
slop of the lift curve and the angle of attack at which stall occurs.
The S1OP of the tail-off lift“curve CL for the swept+ing model

a
is 0.059 (fig. 21) as cmpared with 0.077 for the unswepb wing model
(from unpublished data). The swept+ing value of CL obtained from

a
tests is otiy slightly smaller than the calculated value of 0.060 obtained
by using the value for the unswept wing and multiplying by the cosine of
the angle of sweep of the leading edge. Reference 5 states that for
moderate angles of sweep the Himum lift coefficient,is indepmdent of
the angle of sweep but the angle of attack for the maxinmm lift varies
inversely as the cosine of the angle of weepback. ~ the present
investigation,the maximum lift coefficient obtained for the tail-off
configuration was 1.04, which is in good agreemmt with that obtained

.-c -.—— .—..-— —-—.-—----——..—.—~- ..=—-—— .-— —— --- -..–-–—-..—-–.._ -— -.—
,, .. ---- ,.” “>
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for the unswept w5ng. The angle of attack at which C occurred on

the unswept wing was 16.4° (unpublished data) and for the swept wing 21.3°
as shown in figures 14 and 15. These values indicate agreement with the
inverse cosine relationship previously stated.

Ieading%dm slots.– As high-lift devices the leading+xige slots de-
signed for the airplane were effective in producing additional lift for
each incremental increase in slot spn. Figure l~(a) shows that, with
the pro@.ler removed and flaps up<

Ck
varied’from 1.03 with no

slots to 1.27 for the 10Gpercent-span slots. Similar results were
obtained with flaps down (fig. 15(b)). The effecti,venessof the flaps
appeared to be a function of the slot span. For 40-percent+pan slots,

C%lax
increased from 1.09 to 1.14 when the flaps were deflected; whereas

for 100-percent-spsn slots C - increased from 1.27 to ,1.43.

Nose flap.– The outboard 4Gpzmcent+!pan slots were replaced in some
of the tests by a leading-edge tioop+aose flap deflected.30°. This
arrsmgement was responsible for an increase in

c%
of 0.07 (fig. 22),

a small increase in the lift-curve slope, and~ like the slot, gave greater
drag in the low angle-of+ttack range. .

Wing-center-section fairing.– ‘l?hefaired center section, which
increased the wing area, gave an increase in

C%lax
of about 0.07 (see

fig. 23) and also a amll increase in the slow of the lift curve. These
increases were not entirely accounted for by the w3ng+re a increase.

Circular-arc wing.– The circuler-arc~ data presented in figures 24
and 25 are based on the area of the plain wfng. The coefficients may be
reduced to the basis of the circular+c wing by multiplying the lift– and
longitudinal-force coefficients by 0.888 and the pitching~ ‘nt coef—
ficients by 0.T72. The slopes of the tail-off lift curve based on the
respective wing areas, was 0.051 for the clrcti~ wing as compmed
with 0.059 for the plain wing. The maximnm lift coefficient, also based
on the respective areas, was 0.88 for the circ~c wing as com~d
tith 1.04 for the P1-dn wing. The angle of attack for C& was

reached for the tail-off configuration at a = 20°, but tith the other
configurations it was not ap~ent whether the poimt at which testing
ceased (a = 240 ) ma the -g’ of attack for

CL*
The nose flaps

were effective in increasing the maximum lift coefficient by an
increment AC x O.07; however, the 300 deflection appared to be no

more effective than the 15° deflection.

_ .——— — —- — -— --- ------- ---—--—- --—--—-- - .~... - -— —-
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Figures 24 md 25 ‘showa
ficient with lift coefficient

NACA ~ No. 1742

rapid rise IQ the longitudinal-force coef-
for values of CL> 0.5 which will result

in the circulJn%3rc wing hawing large shking speeds at landing velocities
with power off. For a wing loadjng of 32 pounds per square foot end
a CL x 1.0 (115 mph) the shld.ng speed of the cticular—arCwing will
be aboti 75 feet per second as compared with 25 feet per second with the
plain swept%ack wing. The sinking speed for the circulam—ercwimzlsa
nd—nhxnof about 35
power fi no doubt
Circular-ercwing.

feet per second at a ~: 0.65. A lsxge amo&t of

be needed to make a satisfactory landing with the

Longitudhal StaW1.i&

The stick–fixed netial -points ny of figures 26 to 28 were computed

from the data of figures 17 to 23 by the graphical method described in
reference 6. A large margin of stability is indicated through most of the
lift range with the center of gravi~ at 18-percent mean aerodynamic chord. .
The neutral pojnts are believed to represent fairly closely the stability
of the model until the region of maXimUm ltit is attained. In a small
range of lift coefficient near maximum lift the pitching+mment coefficient .
changes rapidly with lift coefficient, first becoming less stabilizing,
then becoming extremely stabilizing. The neutral points through thll.s
smaUl range of lift coefficient are indicative of the trend in stalility
rather than the absoltie value of the margin of stabili~. The difficulty
in determining neu@al points for the plain wing was also encountered for
the Circuler—erc wing over a larger range of lift coefficientthan for the
plain wing.

Presence of the propeller.– Because of its sweptback wing the test
ajrp~ might be considered a hig&speed airplane in which the low-speed
characteristicswere to be determined.. In such a case the propeller would
be replaced hy a jet and the longitudinal stability would be different
because of the almence of forces on the propeller, which are known to be
destabilizing. The neutral points of figure 26 show the destabilizing
effect of the ~@3 proPe~er; th ~tial Toints We farther for-
ward on the mean aerodynamic chord than with the propeller off. The
static marginvaries from 0- to kpm?cent mean aerod-c chord through,
the lift range.

Tail length.– The directional stability of the original configuration
was inadequate, ead the fuselage was therefore lengthened. The result of
this modification on the stick-fixed neutral points of the model is shown
in figure 27. As would be expcted, the neutral-point pmition was
farther rearward. This rearward movement of the neutral point represents
am increase in longitudinal stability, which is partly a result of the
increase in the tail mometi arm. Also with the extended fuselage the tail
is situated in a region of more favorable downwash as figure 30 shows
dG/da is smaller through the amgle-of-attack range. me stability of

the etiended-fusel~ model (fig. 27) approaches that of the original model
with the smaller tail length at high angles of attack. This result may be

.

— -. —.,:--.. — -— ----— –-— .——-———————.
-,,..- ... . .. -..,,.
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accounted for by the rapid decrease in dynamic pressure
the large sngles of attack for the etiendd fuselage.

.

at the tail for

Leading+dge slots.– The pitching+?lormntcharacteristics of the
original model have been replotted to a staggered scale in figure 15 to
show the effect of va@m.g the slot span on the pitchin~nt coef–
ficients nesr maximum lift. me coefficients for the 6&~rcent–
and 80-p3rcent-span slots tend to increase h a positive direction jusi
before maximum lift is reached, indicating a decrease of stalil.ity.
With 100-percent-span slots the model does not exlrlbita decrease of
stability with zero flap deflection.

The neutral points for the 0-; 40-, and 8&@rcent-span slot cotiig–
uration are shown in figure 28 for the flap~p condition. AbOshown iStheaerodynamic-centervsriation of the -fuselage combination for
each slot configuration. The variation of aerodynamic-centerlocation
with lift coefficient closely resembles the neuiral-~int variation with
lift coefficient for a given configuration. This variation indicates the
relative influence of the wing itself on the stability of the complete
model at any lift coefficient.

The &)-percent-span slots gave the greatest H
v

of sta%ility for
a range of lift coefficients from 0.3 to 0.9 (fig. 2 ). The rate of
chenge of downwash with angle of attack (fig. 31) is smeller for the
80-prcent-sPan dots than for the &pmcent+pan slots (0.28 as
against 0.41). Thip result would be a factor tending to increase the
stability with the 8&wrcent-span slotted w3ng; however, a factor
tending to make the 8@ement-span slotted wing less stable would be the
lower dynamic pressure that efists at the tail for this configuration.

The tendency of the pitchhg+mme nt-coefficient curve to increase
in a pxitive direction near madmwn lift, ~ntioned in connection with
the 60- and 80-psrcentipan slots configuration with flaps up, is magni–
fied when the flaps ex’e.deflected by a sharp break near the stall, both
with the tail off and with the tail on. (See figs. 19 and 20.) The
cases of instability near C

%la#
therefore, seem to be mainly a function

of the stall pattern.

Nose flap.– The pitching-moment+ oefficient data for the wing with
the 3-0”defle;ted nose flap (~pmcent span) are compared with data for
the plain nose in figure 22. The stability characteristics appeer to be
quite similar.

Wing-center-section fairing.– Addition of a faired center section
to the wing tended to increase the pitching moment in a ~sitive. direction
and thus to make the model less stable as shuwn by figure 23. This
addition probably increased the relative loading of the wing at the root
with a forward shift of”the aerodynamic center. SonE additional downwash
at the tail might have slso resulted. Tisusl observations of a model with

.———..— .—.- .._- ._ ~—. . ..— —. .—— —--.-..—— ...–..-—— —---- ~—— –—



—— . .

12

wool tufts at&ched to the
tion delayed separation at

surface indicated
the root near the

high angle of-attack was obtained.

Circular—am wire.– The addition of the

that the faired center sec-
trailing edge until.a very

cbnhr—am leadiu edw
to the model caused a-mrlmd change in the longitudinal stabilit~ ch&ac-
teristics with lift coefficient as figures 24 emd 25 indicate. The
static mar@n of stability is large at low lift coefficients, is negative
at lift coefficients between 0.4 end 0.9 depmding on the flap confi~
uration, and the stability rapidly increases at higher lift coefficients.
As an exsmple of the chemge in stability the case where bf . 00

ad bf = 15° (fig. 29) may be considered; as the lift coefficient ~
n

increases, the netiral Nint moves rapidly forward from the 37-gercent
me~rodynamic-chmd poti at CL = O to the leading edge or ferther

ata CL= 0.66, fra which it moves rapidly to an extreme rearward

position at
%max

.

This variation in stability may he explained ti part by the similar
manner tn which the aerodynamic center of the w3n&fuselage combination
varies with lift coefficient (fig. 29). At CL = O the tail-off aero-

-c center is at 13 Prcent tian aerodynamic chord; whereas at CL = 0.63

the Psition is at + pmcent mban aerodynamic chord; then at C
k ‘he

position is extremly rearward. The large rate of change of downwash with
angle of attack (fig. 32) is also res~nsibl? M part for the large degree
of instabilityy exhibited ti this model. Brief tuft studies show that, for
values of a between 3° end 4° and bf = 0°, the flow changes direction

~ust back of the leading edge, at about helf-the semispan, from a normal
direction to a spanwise outboard flow parallel to the leading edge. At
this eagle of attack (u+%) tail on changes from a negative value to

a Positive value (fig. 25). At a “slightlyhigher angle of attack (a = 60),
additional spauwise area is affected and de/da changes from a value
of O.3at a=3° tol.06at a= &;_ Sepqx+ationin the normal sense does
not take place at the tip until
relati+e loading of the ‘ oard

J
positive veriation in M dCL

of stability.

a ~- 9° is ‘reached. The increase in the
eectfpn‘“pi?obablyaccounts for.the ledge
and ds/da @ consequently the decrease

,

An estimate was mde from the data of figure 33 of the elevator
deflection required for tti in steady flight for the test airplane end
is presented in figure 34. These data show the individual effect of
moving the center of gravity and extending the fuselage. The data of
figure 33 were used as a bas$.sto estimate the elevator deflection required
for trim for the extended fuselage model and also for the original model.
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wool tufts at&ched to the
tion delayed separation at

surface indicated
the root near the

high angle of-attack was obtained.

Circular—am wire.– The addition of the

that the faired center sec-
trailing edge until.a very

cbnhr—am leadiu edw
to the model caused a-mrlmd change in the longitudinal stabilit~ ch&ac-
teristics with lift coefficient as figures 24 emd 25 indicate. The
static mar@n of stability is large at low lift coefficients, is negative
at lift coefficients between 0.4 end 0.9 depmding on the flap confi~
uration, and the stability rapidly increases at higher lift coefficients.
As an exsmple of the chemge in stability the case where bf . 00

ad bf = 15° (fig. 29) may be considered; as the lift coefficient ~
n

increases, the netiral Nint moves rapidly forward from the 37-gercent
me~rodynamic-chmd poti at CL = O to the leading edge or ferther

ata CL= 0.66, fra which it moves rapidly to an extreme rearward

position at
%max

.

This variation in stability may he explained ti part by the similar
manner tn which the aerodynamic center of the w3n&fuselage combination
varies with lift coefficient (fig. 29). At CL = O the tail-off aero-

-c center is at 13 Prcent tian aerodynamic chord; whereas at CL = 0.63

the Psition is at + pmcent mban aerodynamic chord; then at C
k ‘he

position is extremly rearward. The large rate of change of downwash with
angle of attack (fig. 32) is also res~nsibl? M part for the large degree
of instabilityy exhibited ti this model. Brief tuft studies show that, for
values of a between 3° end 4° and bf = 0°, the flow changes direction

~ust back of the leading edge, at about helf-the semispan, from a normal
direction to a spanwise outboard flow parallel to the leading edge. At
this eagle of attack (u+%) tail on changes from a negative value to

a Positive value (fig. 25). At a “slightlyhigher angle of attack (a = 60),
additional spauwise area is affected and de/da changes from a value
of O.3at a=3° tol.06at a= &;_ Sepqx+ationin the normal sense does
not take place at the tip until
relati+e loading of the ‘ oard

J
positive veriation in M dCL

of stability.

a ~- 9° is ‘reached. The increase in the
eectipn‘“pi?obablyaccounts for.the ledge
and ds/da @ consequently the decrease

,

An estimate was mde from the data of figure 33 of the elevator
deflection required for tti in steady flight for the test airplane end
is presented in figure 34. These data show the individual effect of
moving the center of gravity and extending the fuselage. The data of
figure 33 were used as a bas$.sto estimate the elevator deflection required
for trim for the extended fuselage model and also for the original model.

..— ..+ .—. —-.-—-—7 .. —-— — -

,,,“.-. .,...:.,.. .,. .

d

r

.

p



15

change of Cl
*

by an empirical.

with CL has been calculated as 0.0036 for the wing alone

method based on data obtained In the @ey 300 MTH
~ by 10-foot tumnel which compares favorably with the me~s~ed slope
of 0.0032 for the unslotted wing (fig. 35). This method considers only
a fully swbpt w3ng; whereas, the airplane has an unswept center section
which would tend to reduce the variation of CZ

+
with CL.

If’feetof slots.- The slots shuw their greatest effect on lateral
stability by delaying tlp stall em$ thereby maintaining effective dihedral
at the low Reynolds nrmiberas was discussed under ‘tScaleeffectll. There
are some other effects. The breaks in the curve o? C

1$
plotted

against CL at a C. %vO.2
L

(figs. 35 to 40) are probably due to an

inberterence between the slot and the leading edge of the airfoil. The
unslotted wing of figure 41 does not show the break in the curve. Nearly
all at?rangementsof slots for the complete model give .avalue
of Cz = 0.0020 d cL = lo. Because the slots are effective in

ti
increasing C the effective dihedral is maintdned to a larger lift

coefficient, esNciaUy with &Lpercent-spm slots.

Tail modifications.- The lateral stability derivatives of the original
model (ventral fin 1) and th model with~the extended fuselage are compared
in figure 39. TM effects of ventral fin 2 are also shown. The extended–
fuselage model shows slightly less dihedral effect than the original model,
probably because the center of pressure of the vertical tail.is relatively
lower. For the same reasbn, the addition of a large ventral fin to the
model reduced the effective ~eclmal from that of the model without the
ventral fti. The use of a still larger ventral fin (fin 3) on the model
gave s~ results (fig. 40 (b)). The same’effects are also shown in “
the characteristics at large angles of yaw (figs. ~ and 52).

Tower effec t..–The effect of -r on the effective dihedral is shown
in figure 42. Through most of the lift range the effective dihedral is
approximately 2° more with power on than with propeller windmil.1~.

Nose flap.– A nose flap’deflected 30° and covering 40 percent of the
sweptback+ing SP decreased the “rateof chamge of C

Z*
with CL

from 0.0021 to 0.0018 as shown in figure 43. The maxi~ values of cl
if

were not changed appreciably from the values obtained with the plain wi~.

wing-centeHect ion fairQ.– The addition of a faired center section
to the wing (fig. 44) gave about 1° less cU&dral effect than the plain
wing for a given lift coefficient, that is Cl is approximately 0.0002

v
less thsa that for the unf’airedwing.

,
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change of Cl
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method based on data obtained In the @ey 300 MTH
~ by 10-foot tumnel which compares favorably with the me~s~ed slope
of 0.0032 for the unslotted wing (fig. 35). This method considers only
a fully swbpt w3ng; whereas, the airplane has an unswept center section
which would tend to reduce the variation of CZ

+
with CL.

If’feetof slots.- The slots shuw their greatest effect on lateral
stability by delaying tlp stall em$ thereby maintaining effective dihedral
at the low Reynolds nrmiberas was discussed under ‘tScaleeffectll. There
are some other effects. The breaks in the curve o? C
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plotted

against CL at a C. %vO.2
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(figs. 35 to 40) are probably due to an

inberterence between the slot and the leading edge of the airfoil. The
unslotted wing of figure 41 does not show the break in the curve. Nearly
all at?rangementsof slots for the complete model give .avalue
of Cz = 0.0020 d cL = lo. Because the slots are effective in

ti
increasing C the effective dihedral is maintdned to a larger lift

coefficient, esNciaUy with &Lpercent-spm slots.

Tail modifications.- The lateral stability derivatives of the original
model (ventral fin 1) and th model with~the extended fuselage are compared
in figure 39. TM effects of ventral fin 2 are also shown. The extended–
fuselage model shows slightly less dihedral effect than the original model,
probably because the center of pressure of the vertical tail.is relatively
lower. For the same reasbn, the addition of a large ventral fin to the
model reduced the effective ~eclmal from that of the model without the
ventral fti. The use of a still larger ventral fin (fin 3) on the model
gave s~ results (fig. 40 (b)). The same’effects are also shown in “
the characteristics at large angles of yaw (figs. ~ and 52).

Tower effec t..–The effect of -r on the effective dihedral is shown
in figure 42. Through most of the lift range the effective dihedral is
approximately 2° more with power on than with propeller windmil.1~.

Nose flap.– A nose flap’deflected 30° and covering 40 percent of the
sweptback+ing SP decreased the “rateof chamge of C

Z*
with CL

from 0.0021 to 0.0018 as shown in figure 43. The maxi~ values of cl
if

were not changed appreciably from the values obtained with the plain wi~.

wing-centeHect ion fairQ.– The addition of a faired center section
to the wing (fig. 44) gave about 1° less cU&dral effect than the plain
wing for a given lift coefficient, that is Cl is approximately 0.0002

v
less thsa that for the unf’airedwing.

,
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circular—arc wing .– The lateral stability characteristics of the
model tith Cfiti~ wing with several nose fip deflections me
capered fn figures 45 end 58. For the wing with bf = 0° the effective

dihedral reaches”a mcdlmml value of P
($Cz )

= o .oo15n at a cL# 0.5

. after which the Wedral effect decreases. This decrease is probably
the result of tip stall of the leading wing. Nose flaps which tended to
delay tip stall also reduced the variation of enective dihedral with
lift coeffIcient. Deflection of the trailing-edge flaps produced no “
significant changes h Cz * (fig. 46)●

Directional Stability

originel model.– The directional+talility

and 38) indicates that the ting done possesses

pmemeter Cn * (fig:. 35

a large amount of direc-
tional stability which increases with lift coefficient to the point where
the wing stalls. The increased stability is probably the result of the
increased drag differences between the two wing pmels at high values
of lift coefficfent. h the process of stahg the effect is reversed,
and increasing lift.coefficient decreases the directional stability. The
fuselage and propller contribute their nornd. destabilizing action which
affects Cn* by appro~tely 0.0014 at CL = 0.6. The contribtiion of

the vertical tail to the directional stabillty of the model, ACn~ vsries

from ~. 0021 at low lift coefficient to A. 0013 near stell for the flaps-
UP configuration. The contribution of the vertical tall to the directional
stability is slightly greater for the flaps+iown configuration. With
leading+dge slots Cn~ of the complete model is small (about -0.001)

through most of the lift range except at C
%%2

wbre c
W

2?0.

The model showed a net gain in directional stability as a result of
sweephg the wingsaback even though the tail length was effectively
shortened in the prwess. Ata CL= 0.4 (fig. 38) the phin wing model

gave a vslue of ~ .00105 for the slow of the ya~ nt-coefficient
curve,-which included the Wstabilizing effect of the windmilling pro@.ler.
Figure 54, which is for a different model configuration, shows that the
destabilizing effect of the windmilling propeller was an increment

‘f Cn ~
(%

of 0.00063 c – Cn
)

. Therefore the

propeller off % opdler on
- plain swapt ~ motil mimw pro@Uer would give a value of -0.00168
for C as compered with a value -0.00135 for the U?Hwept *g model.

‘v
The net gain in the directional+tability ~ter as a result of
sweeping the wings back was an increment in Cn~ of -0.00033.
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El?fectof slots.- The effect of slots on the directional stability
is ne~itible except near stsll where the directional stability is
maini&&l to high& lif% coefficients (figs. 35 to 41). -

Tail modifications.- One of the reasons for extending the tail
length on the airplane was to increase the directional stability at high
lift coefficients. The effect on C

‘*
of increasing the model tail length

by 10.9 inches is shown in figure 39 for both flq configurations. ‘I’his
modification, denoted as the etiended fuselage, increased the”directional
stability at low lift cmfficients but gave stability at high lift coef–
ficients which was about equal to or less than that provided by the original
configuration. The loss in stability of the extended-fuselage model might
be the result of the lower velms of dynamic pressure at the tail. (See
fig. 30.) The addition of a large vent= fin (fin 2) to the model with
the extended tM.1 provided an appreciable increase in stability for both
frap “Coilfigurations.

A slightly larger ventral fin (fin 3) with the ~pwcent+pan slot
configuration gave a slight increase in directional stability. (Com~e
figs. 39(b) with bO(b).) .

For all tail configurations nmntioned the yawing—mm nt< oefficient
curves of figures 50 to 52 have a stable slow throughout the y+.wrange
tested, v = So”. There is no evidence of tail stall with the unreflected
rudder.

Iavel flight power.– Because the flight tests were conducted with a
Winamilling propeller to simulate more closely the conditions of a 3et–
propelled high-speed aircraft, the effect of power-on directionbl
stability is of small hportsmce. However, for the level–flight power
conditions represented in ftgure 42, C is appro~tely W. 002 from

‘$
CL =Otoc

k“
Other data showing the effects of power-on directional

stability a~ar in figures 55 and 56.

Nose flap.– The data for the nose flap, which was deflected 30°, ere
given in figmes 43 and 5,7and indicate a slight increase h directional
stability over that of the plain airfoil or of the airfoil with unreflected
nose flap:

WiM+enter+ection fairirig.–The effect of the faired center section
on the directional stability of the model was negligible. (See fig. 44.)

Circulm+arc wing.- The circuler—arc wing model (extended fUsslage,
ventral fin 3) shows a large decrease in directional stability with
‘increased lift coefficient throughout the lift range for emy of the three
leading-edge flap configurateions. (See fig. 45.) For example, with the
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leaMng+dge flap deflected 15°, the value of C
%

is ~,.002 at

CL = 0.5 and
Cw

is zero at C
%x”

The lar@ 10ss in stability

appars to be th.q result of a blamketing effect of the wing on the tail,
as would seem to be indicated by the absence of a stiar loss of stability
with the tail off (fig. 46). Additionsl directional stability data at
a CL %0.7 and

The aileron

large eagles of yaw

Lateral

characteristics for

are given in figures

Control

several leamdge configurations
aileronon the airplme model are given in figures 60 to 64. l%e

effectiveness C, for the various confirmations are presented in the
“za

following table:

8f
%6a

(aeg) 8&p3rceti-s~ Plain Kblg Clrc-arc wing
slotted wing

o 0.00090 O.0001% 0.00088

45 .00083 ,00090 .00078

The values presented ti the table represent the avemge slope of the
rolling+aoment-coefficient curve between —10° and 10° aileron deflection
and 0° and 18° amgle of attack. The variation in that range was small.
The ailerons of the plain sweptback wing appear to be more effective with
the flaps down than with the flaps up, whereas h the other two cases the
reverse is true.

The ailerons of both the &)-Rrcent+pan slotted wing.aud the
circ~c wing appax to be effective throughoti the angle-of+ttack
range for each deflection tested (figs. 60 and 64). However, at about
190 angle of attack the rolling moment promtded by the ailerons of the
plati ~ decreased to zero and had a reverse effect (fig..63). Such en
effect, however, tight be the result of the low Reynolds ntier of the
test. Apparently the slots aid in control-g the flow over the aileron.
The ailerons of the circ~ c wing show no tendency to decrease in
effectiveness even near mxrlnmm lift coefficient.

The effectiveness of the left aileron in yaw with the 80-wrcent-
span slotted wing is shown ~ figure 61 for a C~ %0.6. The data have

.

.,
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been replotted ti figure 62 and appLied to both ailerons deflected
simultaneou+y as would result with the airplane in a sideslip. The up
ailercm which is on the leading wing panel becomes more effective as the
yaw amgle is increased. me down aileron of the trailing wing -l

● becomes, of course, less effective as is indicated h figure 62. It is
estimated from the data of figure 52, which is for a high angle of attack,
that the aileron will trti the model in yaw, ffips up, at approximately 13.~
with the aileron deflected -Q5° (airplane limits).

The aileron characteristics for the &l+ercemb+pan slotted wing are
summarized in figure 65 where the wing-tip helix angle pb/2V is given
as a function of aileron deflection for several velocities. The value
of the damping coefficient in roll C used.to e?aluate pb/2V was 0.333 @

‘P ‘
was determined frcm data of full-scale tests on Sweptback wings, corrected
foq taper, aspect ratio, and sweep @e. The values of pb/2V presented
were reduced by 25 pxcent as an arbitrary correctim for rolling due to
sideslip aud the lack of wing torsional rigidity, both of which were
lamwn to be of appreciable ma@?mde for the test airplane.

The maximum calculated value “of pb/2V obtahable on the test air-
plane would be about 0.063 with fla.~sup and 0.056 with flaps down, based
on a maximum value of airplane aileron deflection of *15°.

W the f ollo~ table are given yalues of pb/2V obtained for
various model configurations based on 20° total a51eron deflection:

pb/2V
Velmit y 8f

(mph) (-~g)
l?&percen*p.u Plain wing Circulex+xc wing
slotted wing

200 0 0.039 0.037 0.036

1~ o .045 .040 .038

\ 1P 45 .040 .038 .036 ‘

11.o 45 .040 ----- .036

~ 8@erce~ slotted wing generally shuws the’largest values
of pb/2V and the Cil?O~ c wiq! gene-y shows the smallest values
of pb/2V for the three lea-dge configurations. TIM missing value
for the plain wing is not @ven because of pronounced irregularity in the
rolling-moment data at a lift coefficient corres~onding to V = 110 miles
per holu?.

#
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Directiofi Control

Rudder effectiveness appears to be high for the airplane in the
originsl configuration as is hdicated by the rudder characteristics of
the original modal presented in figure 66. The mmider gives about 1.13°

.

.

.

~ = -1.13 ~or br . QOO.of sideslip for 1° of rudder deflection
&

A rudder deflection of 20° trims the model a: $ = 19° witl flaps up
and at + = 23° with flaps down. Note that Iar@ rudder deflections
cause sm ap~eciable change in dihedral effect. For example,

%y
changed from 0.0014 at br = OQ to 0.0019 at ~ = 30° with the

flaps up and a lilm amount with f~ps down (fig. 66).

Because of the increased stability resulting from adding a large
ventral fin to the etiended fuselage, the rudder effectiveness a*j&r was

reduced, and the mcxl.eltrinmmd at approxirmtely 17. so for &20° ruddbr
deflection with flaps up (fig. 68). The yaw angle is limited, however, to
about 12.5° because of the low aileron effactiveness and the high dihedral
effect. .

CONCLUSIONS

The results of a low+peed wind.-tunn.el‘investigationof a ~scale
4.5

model of a sweptkck+ing airplane with several wing leading+dge and
tail configurations indicated the foliowing conclusions:

1. The lift-curve S1OXB of the’swept+ model compred favorably
with the calculated value obtained by multiplying lift-curve slop for
the unswept wing by the cosine of the angle of sweep. The mximum lift
ccmfficient for the swept+ing model with no amiliary lifting devices
com~d favorably with that of the unsweP&W@ IROU1, and the angle of
attack for which the ~ lift coefficient occurred was In good agree-
mnt with a theoretical value obtained from an eqpirical cosine relatio-
ship.

2. Thu use of slots as smtist@d. devices resulted in an increase in
the ~ lift coefficient which was roughly IZ’Opxbional to the slot ,

SW. The k(l-~rcen+span 30° nose flap.had about the sanm effect on
the maxtmum lif% coefficient as the @-pmcent4pan slot.

3. The Circulsx+m wing gave a value of 0.051 for the tail+ff lift-
curve slow and a maximum value of the lift coefficient of 0.88. The nose
flaps which were the same S- as the 4C-percent slots on the plain wing

I

gave = increment in nmxhnnn lift coefficient of about 0.07. The 30° nose

●

-.
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flap a~ared no more effective in this respxt than the l~” nose flap.

4. In general, the model showed a large margin of static longitudinal
stability about a center of gravity at 18 ~rcent of the mean aerodynamic
chord. At lift coefficients nesr stall there was a lessening of stability
and somethes instability etisted with the flaps deflected through a small
range of lift coefficients but, as tha lift coefficient increased further,
the stability again increased.

5. The simulated circular+r c ~ in either flap configuration gave
a large variation of longitudinal stability with lift coefficient. The
static margin of stability was large at low lift coefficients, was negative
at lift coefficients between 0.4 and 0.9 depending on the flap configura–
tion, and the stability rapidly increased at higher lift coefficients.

6. The elevator is camble oftrimni~ the airplane at maximumlift
coefficient at say probable cente~f+avity location, but at maximum
lift there may be a large upward movement of the elevator with no change
in speed because of the very large increase in stability at stall emd
loss in elevator effectiveness.

7. The effective dihedral of the model increased with lift coefficient
in a manntr similar to,that obtained with other swept wings snd the varia–
tion of effective dihedral with lift coefficient for the wing .qlonewag in
good agreetint tith the calculated value. At a lift coefficient of 1.0 tho
effective dihedral of tk plain+?ing model was about 10°. A good corra-
lation”of wing-fuselage interference-effecto% effective dihedral was
obtained between the test model and other American @ Germsm data.

8. At alow Reynolds ntier.of about 2.05 x106 andat high lift
coefficients the slots delayed tip stall and thereby maintained the dihedral
effect; however, with the plain wing the dihedral effect decreased
sharply under the saum conditions.

9. The maxinmnvalue of effective diheclral for the circul ar-a?c wing
was about 70 at a lift coefficient of 0.5. Above this lift coefficient

‘the effective dihedral decreased rapidly. I?oseflaps which tended to .
delay tip stall also reduced the variation of effective dihedral with
lift coefficient.

10. The directional stability of the original model was small. It
was increased at low lift coefficients by lengthening the tail moment
arm and hproved appreciably throughout the lift rsmge by the addition
of a large ventral fin.

11. The aileron effectiveness was found to be small with the 8&prcent
slotted wing and even smaller for tho plain and circul~c wings. The
aileron effectiveness remai~d fairly constant up to and beyond maximum
lift for both the slotted and the circtiar—e,rc wings.

. . . . . . ... ..— —-. —————-.——.————— .—— .-—. ...-— — ....—.—. .. —
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12. The rudder was ca~ble of tra both models at a large angle
of yaw; but the yaw eagle was limited because of the low aileron effective- .

gess and the high dihedral effect.
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Figure2.- System ofaxes and control-surfacehingemoments and deflections.
Positivevaluesofforces,moments, and anglesare indicatedby arrows.
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I (b) Three-quarter rear view.

, Figure 3.- Concluded.
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(a) Section, at 49,59-inchstation (fictitious tip).
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Figure 5.- Sectionsat wing leadingedge showing gap and positionof slots
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/ (a) Three-quarter reer view.
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I Figure 7.- The &-scale model of testairplane. Extended fuselage:ventral fin 3; fairedcenter section; m
LA)

! turbulencenet in tumnel.
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Figure 7.- Concluded.
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Figure 8.- Wlng geometry of simulated circular-arcwing.
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Figure 9.- The A-scale model of teste.irpleaeequipped with circuler-arc leading edges. 15f ❑ 15°.
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F@ure 10.- SecMons of circular-arcwing of & -scsle model of test@plane.
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Figure 11.- Tail modficstions of testairplaneand modeL (AU - dimensions me in tihes.)
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Figure 12.- The &-scale model of the testairplane. Extended fuselage:ventrelfln2; slotsextended,



.

.

.. .. . . . ———-————-——- -.-..—- — ——-—. ,— ——-.—.—-----
-! ..-’-,



NACA ~ NO. 1742

,

.

.

4?4

)6

&

-4 0 .4 .8 [2 [6

Liftcoefficient, CL -

Figure 13. - Effectofflapdeflectionon aerodynamic characteristicsinpitch.

Wing alone;80-percent-spamslots;R = 2.05 x 106.
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Figure 14.-

-4
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o

Effect of slot extension on aerodynamic characteristics in pitch.
Wing alone;~f = @; _ gear on; R = 2.05x 106.
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Figure15.-
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(a) 15f= OO.
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Effectof slot extension on aerodynamic characteristics in pitch.
Propeller off; it = -(390;R s 2.05 X 106.
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(b) af = 450.

Figure 15. - Continued.

.---. —--- . .. . .—. - -.-..-——.—. -.— . . —..— —— - . -. —.. — .-. .—— — ———..—



I

I

‘,,

,!

,1
,i,,,!,1,(

““l:,

I

1

w
,/

o

-J

-+’ o # .8 /2 i6

Lift coeffickn f, ~ ‘

(b) Conclubd.

Figure 16.- Concluded.
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,,
Figure 16. - Effectofslotextensionon aerodynamic characteristicsinpitch.

Windmillingpropeller;extendedfuselage;it= 1.00;df = OO;

R = 2.05 x 106.
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Figure 17.- Effectofstabilizeron aerodynamic characteristicsinpitch.
Propellerremoved: L = @: 80-percent-spanslots;R = 2.05 x 10°. “
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(a) bf = OO.

Figure 18. - Effect of stabilizer on aerodynamic characteristics in pitch.
Windmilling propeller; 80-percent-spm SIO@; R = 2.05X 106.
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Figure 19. - Effect of stabilizer on aerodynamic characteristics in pitch.
WindmUling propeller; extended fuselage; 80-percent-span slots;
R= 2.05 x 106. .
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,.

(a) bf = OO.

Figure 20. - Effectof stabilizer on aerodynamic charactekics in pitch.
Windmill@ propeller; extended fuselage; 40-percent-span slots.
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(b) bf = 450’; R = 4.59 x 106.

l?igure 20.- Concluded. .
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Figure 21. - Effectofstabilizer on aerodynamic characteristics in pitch.”
windmUhg propeller; extended “fuselage; O-percent-span slots;
~f = OO; R = 4.59 x 10!
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Figure 22. - Effectofnose-flapdeflection on aerodynamic characteristics in
pitch. W*illiW propeller; extended me-e; ~f = OO;R = 4.59 x 10°”
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.

IRiguxe 23. - Effectoffaired center section on aerodynamic characteristics .
. in pitch. WindmUng propeller; extended fuselage; it= -3.90; t+ = 00;

O-percent-span slots; R = 4.59 x 106.
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Figt&e’24.- Effectofnose-flapdeflectionon aerodynamic characterisncs
inpitchofmodel.withcticular-arcwing. ~ propeller;
extendedfuselage;~f= OO;R = 2.35x 106.
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I

(a) if = OO;~fn = OO.

Figure25.- Effectof stabilizer on aerodynamic characteristics in pitch of
model with circular-arc wing. Windmmillinnpropeller; extended fuselage;
R = 2.35 x 106.
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0) ~f= OO;afn = 15°.

Figure 25. - Continued.
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(c) ~f= 45°;bfn= 15°. .

Figure25.- Continued.
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(c) Concluded.

Figure 25. - Concluded.
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l?igure 26, - Effectof propelleron stick-fixedneutralpoints, I+ = OO; origjnal model.



●

(a) ~f = OO.

(b) q = 45°.

F@ure 27.- Effectofextendedfuselageon stick-fixedneutralpoints. WindmilMng
propeller;80-percent-spanslots;originalwing.
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Liff coefficient+=CL

Figure28.- EHect of slot extension on stick-tl.xed neutral points and
aerodynamic -centerlocations.WindmIUing propeller;extended
fuselage;q = OO.
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Figure 29.- Effectof flapaon stick-fixedneutralpotita amd aerodynmnic -center locationaof model “

with circular-arcwing. Extended fuselage;wMmiUing propeller. ~
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Angle of azVack2 d] deq

(a) 5f= OO.

Figure 30. - Effectofextendedfuselageon downwash and dynamic pressure at
tail.Wtidmillhg propeller;80Tpercent-spamslots.
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(b) t+= 45°.

Figure30.- Concluded.

.

.

—_— .——- — . –––.... —.. c ——. .=. —~ ——— ————z. —— —— ...
-...-: -=-.. .----- --



NAcA TN No. 1742 73

3’

J

u
~ -

\

““I 1++’1 I I
\

.8 \

7

/2 SI ts .
+e~enfipa$

I

8
1’1

-.
,

K I slots! \ ‘ 1- -+7 -

I+=z&@T
I I I

1

=Jw&’-’

Figure 31. - Effectofslotextensionon downwash and dfic pressure attail.
WindmilUng propeller;’extendedfuselage;$ = OO.
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Angleof clack ~o+- deg

Figure 32. - Effectofflapdeflectionon downwash and dynamic pressure at
tailofmodel withcircular-arcwing. lVindmiUingpropeller;extended
fuselage;~fn= 15°.
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Figure 33. - Effectof elevator deflection on aerodynamic characteristics in
pitch. Windmill@ propeller; exten~ed fuselage; it. = -3.50; 6* = 00;

80-percent-spanslots;R = 2.05x 10b.
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Figure 34.-. Estimated elevatordeflectionrequired for trim h stesdy fflghtfor testairplane, Wind-
millingpropelleq 80-percent-spsn slots;it= -3.5°;6f = @; gross weight = 8450 pounds.
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F@re 35. -* Effectofslotextensionon lateral-stability

alone;~f= OO;R = 2.05x 106.

\

derivatives. Wing
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Figure36.- Effectofslotextensionon lateral-stabilityderivatives.Wtid -
millingpropeller;extendedfuselage;bf= N; ~ = l.OO;ventralfin2; .

R = 2.05 x 106.
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Figure 37. - Effectofpropellerand slotson lateral-stabilityderivatives.

Ventralfti1;bf= OO;R = 2.05x 106. .
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Figure 38. - Effectofwing and tailon Iateral-stabili@derivatives.Wind- ,

millingpropeller:ve@ral fin1;80-percent-spanslots;R = 2.05x 106.
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(b) ~f= 45°.

Figure 38. - Concluded.

. . ..- — ..— —._. .._ _. ___._. _ ..—.—___ __ —.. -. -.— .. —.-— ——.——.—. .. . . .



m TN I?o. 1742
. ..—. .

.

.0!

o

RI+ /voh
: /5i.n2..- Or@halmodd (fij38)

H+

.004

.00’

0

(a) bf = OO.

Figure 39. - Effectofventralfin2 on lateral-stability derivatives. Wind-

milling propeller; extended fuselage; 80-percent-span slots; R = 2.05 x 106.

.-

.

..-— .—— ——. -- -
,.. - .“.



mm m Nos 1742 83

4“

.02

0

.Gw

.004

all

o

,

0

X?z

.

(b) ~f = 45°. ,

Figure39.- Concluded.
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(a) ~f = OO.

Figure 40. - Effectoftailon lateral-stabilityderivatives.WindmiU@

propeller;extendedfuselage;ventralfin3;40-percent-spanslots.
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(b) bf = 45°; R = 4.59 x 106.

Figure 40. - Concluded.

85

002

w“

..- --————-—-— ———— —---:—.— -— ——— —-- —-— -.-—- —.. . —c.— —.. - —-

,,.



. 86 NAC.A!lZNNo.

.02
cYy

o

.006 ~

.00-4
cz~

.002

0

0

-.002

:004

1742

Y4 O .4 .8 L? L6

Lift coefficient? CL
.

Figure 41. - Effect of tail on lateral-stability derivatives. W@lmiUing
propeller;extendedfuselage;ventralfin3;O-percent-spareslots;~~= OO;

R = 4.59.x 106.
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Figure42.- Effectofpower on lateral-stabilityderivatives.Extendedfuselage;

ventralfin3; D.f= @: 40-percent-spamslots;R = 2.80x 106.
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Figue 43. - Effectofnose-flapdeflectionon lateral-stabflityderivatives.Wind-
millingpropeller;extendedfuselage;ventralfin3; ~ = @; O-percent-span

slots;R = 4.59x 106.
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Figure44.- Effectoffairedcentersectionon lateral-stabilityderivatives.
Windmillingpropeller;extendedfuselage;ventralfin3; bf = OO;O-percent-

span slots;R = 4.59 x 106.
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Figure 45. - Effectofnose-flap deflection on lateral-stability derivatives of
model with cticular-arc wing. WindmiUing propeller; extended fuselage;
ventral fin 3; Gf = OO; R = 2.35 x 10°.
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Effectoftailon lateral-stabilityderivativesofmodel with
cticular-arc w@. Windmilling propeller; extended fuselage; ventral

fin 3; ~fn = 15°; R = 2.35 x 106.
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Figure 48. - Increment of Cv due to --fuselage interference. r = OO.
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Figure 49. - Effectofslotextensionon aerodynamic characteristics.inyaw.

Wing alone;df = OO;a = 8.8°;R = 2.05X 106.
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Figure 50. - EffectofWC@ and tailon ~erodynamic characteristicsinyaw.
Windmill@j propeller;ventralfin1;80-percent-spanslots;R = 2.05x 106.
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Figure 50.- Continued.
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(a) ~f = OO;a = 9.00.

Figure 51.- Effect of ventral fin 2 on aerodynamic characteristics h yaw.
Windmilling propeller; extended fuselage; 80-percent-span slots; it = 1.02°;

‘R = 2.05 X 106.
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F@re 52. - Effectof tail on aerodynamic characteristics in yaw.
Windmilling propeller; extended fuselage; ventral fin 3;
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(b) t+= 45°; a = 12.6°.

Figure 52. - Continued.
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Figure53.- Effectoftailon aerodynamic characteristics in yaw. WindmjUing
propeller: extended fuselage; ventral fin 3: O-percent-span slots; ~f = OO;

a = 16.9°; R = 4.59 x 106.
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Figure55.- Effectofpower on aerodac characte&stics in yaw.
Extended fuselage; ~ = -3.9°; ventral fin 3; 40-percent-span slots;

R = 2.80X 106.
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Figure57.- Effectof nose-flap deflection on aerodynamic characteristics in yaw.
Windmill@ propeller; extended fuselage; ventral fin 3; O-percent-span slots;

&if= OO; (y= 150.$ $ = -3.70iR = 4.59X 106.
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(a) ijf = OO.

Figure60.- Effectof aileron deflection on aerodynadc characteristics in pitch.
Wind@lling propeller; ventral fin 1; 80-percent-span slots;~ = -0.8°;

R = 2.05x 106.
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(b)6f= 45°; Q’=4.9°.

Figure 61. - Continued.
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Figure 63. - Effect of aileron deflection on aerodynamic characteristics in pitch.
Win&nilling propeller; ventral fin 3; O-percent-span slots; it = -3. 03°;

R = 2.05x 106.
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Figure 66. - Effectof rudder deflection on aerodynamic characteristics in yaw.
Windmilling propeller; ventral fin 1; 80-percent-span slots; ~ = -0.8°;

R = 2.05 x 106.
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. Figure 34 indicates that the elevator is ca@le of trimming the air-
plane at either the design cen~er of gravity (l&percent M.A.C.) or the
center of ‘gravity at which the airplane was flowm (22.>@rcent M.A.C.).
Near stalling sped, a large upward mo~ement of the elevator is indicated
with no change in s~ed, a~ a reeult of the very large increase in
stalility or loss in elevator effectiveness.

The difference in elevator required for trim hetween the original
model and the etiended-fuselage model is smsll. The data indicate that
the original mdel wild require about 3° les~ up elevator near maximum
lift coefficient and slightly less down elevator at high sped them the
extended-fuselage model.

The ~ -scale model
4.7

of

Lateral Stalility

the test airplane shows the SSJM general

● variation of effective dihetial parameter with lift coefficient as do
other sweptback=wing mcdels, that is, increased values of Cl

v
with CL.

The emount of effective dihedral obtained with this model and the exact
veriation with lift coefficient depend upon the leadin~dge and tail
confirmations (figs. 35 to 59).

Scele effect.– Before the effect of any model changes on the lateral
stability is em.alyzed,the vsriation of Reyaolds number during the test
program should be con~ldered. The data of figures 35, 36, and 49 indicate
that the slots were = effective IM?snsof delaying tip stall as indicated
by the large values of

C2*
near maximum lift. Without slots the values

of cl decreased sharplj at the relatively low Reynolds number
$

Of 2.05 x 106. When the effective Reynolds number was increased

tO 4.59 X 106 ~th the aid of a t~b~e~ce ~t, (figs. 40 ~d 52) the

unslotted wing showed no significemt loss in effective dihedral other then
that directly associated with stall. Figures 40 sad 52 also serve to
illustrate the Reynolds nmler effect at high engles of attack. (Although
the tail configuration is different for the two Reynolds numbers,
figures 38, and 40(b), and 41 show that the tail has little effect on
effective dihedml at ~ ~1.O.) Data obtained in the Langley l+foot

* pressure tunnel on a wing of similar airfoil section showed a corre–
spnding effect of Reyaolds number on the effective dihedral of a swept
wing.

*
wing–fuselage interference.- The term “wing-fuselage interference”

as used herein is defined as the difference in the effective dihedral of
the wing alone and the effective dihedral of the w@=-fuselage combination.
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The effect of
dihedral parameter

the various airplane components
i~ shown for the original model

NACA TliNo.

on the effective
with 8&@rcent–

BP slots (fig. 38). me in:.raa~ein ‘C
z+

at large m.lue~ of
CL

1742

the complete model mad the model with the tail off is asemiated with flow
breakdown at the roQt ~f the trailing wing which nullifies the primary
negative dihedral effect due to wing-fuselage interference. Note that
the primary interference effect is a ACZV which varie6 from -0.0010

at CL . 0 to-O.0013 at CL = 0.9 for the flapneutral condition @ a

somewhat mnaller contribution which varies wiih CL with the flaps down
(fig. 38(a)). The effect of the windmil-lingpropeller id included in theso
increments but is mall, about 0.W02 at a lift coefficient of 0.68, as
i~ indicated by figure 54.

The effect of the wing-fuselage interference on effective dihedral
has been noted before for unswept wingE (refe~nce 7) and has been
investigated fn(lermmy for sweptback wing= (~ference 8). Some of the
data from these source~ are replotted in figures 47 am.d48. Shown in
figure 47 are ssmple incremental valuee ACt

?

*
of effective dihedral

caumd by wing–fuselage interference for an unswept wing in TsrioUs .
positions : on a circular fuselage. !i?he discrepancy between the data

of references 7 and 8 for the low wing pmithn point~ to tti import-e
of the wing-fuBelage Juncture filleting in influencing the effective
dihedral. “The test~ of reference 7 were mde”without filletg. The effect
of filleting is to reduce the variation of AC

1+
with CL. For the well-

filleted model of reference 8, there is little variation of AC
1+

with CL up to CL = 0.9,, at which point the previously mentioned flow

breakdown occurs, and the action is somewhat Eimilar to the action of
the u-nfilletedwing of figure 47.

Figure 48 indicates that variation of fumlage dmp or eweepback
angle ha~ odya secondary effect on the variationof ACz$ with vertical

position ~ of the wing on the fuselage. The vd.ue AC~+. -0.0010

mentioned previously for the airplane model ia spotted on the graph, and
the correlation is good.

For the complete model, em effective dihedral of about 10°
.

(Clv
= 0.0020

)

was obtained at (&l.o for most of the conditions
\
investigated. The dihedral effect obtained with the wing alone was *

appreciably increaaed, inaemuch as the negative dihedrd effect of the
wing–fuselage interference iH absent (figs. 38 aad ~). The rate of .—
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F@re 67. - Effectofrudderdeflectionon aerodynamic characteristicsinyaw.
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Figure 67. - Concluded.
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Figure 68.- Effect of rudder deflection on aerodynamic characteristics in yaw
Windmilling propeller”; extended fuselage; ventral fin 3; 40-percent-span

slots: ~f = OO; a = 18°; it = -3.70; R = 4.59 x 106.
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Figure 68. - Continued.
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The effect of
dihedral parameter

the various airplane components
i~ shown for the original model

NACA TliNo.

on the effective
with 8&@rcent–

BP slots (fig. 38). me in:.raa~ein ‘C
z+

at large mlue~ of
CL

1742

the complete model mad the model with the tail off is asemiated with flow
breakdown at the roQt ~f the trailing wing which nullifies the primary
negative dihedral effect due to wing-fuselage interference. Note that
the primary interference effect is a ACZV which varie6 from -0.0010

at CL . 0 to-O.0013 at CL = 0.9 for the flapneutral condition @ a

somewhat mnaller contribution which varies wiih CL with the flaps down

(fig. 38(a)). The effect of the wirhnil-lingpropeller id included in theso
increments but is mall, about 0.W02 at a lift coefficient of 0.68, as
i~ indicated by figure 54.

The effect of the wing-fuselage interference on effective dihedral
has been noted before for unswept wingB (refe~nce 7) and has been
investigated fn(lermmy for sweptback wing= (~ference 8). Some of the
data from these source~ are replotted in figures 47 am.d48. Shown in
figure 47 are sslnpleincremental valuee ACt

?

*
of effective dihedral

cau6ed by wing–fuselage interference for an unswept wing in W3J30ws .
positions : on a circular fuselage. The discrepancy between the data

of references 7 and 8 for the low wing pmithn point~ to tb import-e

of the wing-fu8elage Juncture filleting in influencing the effective

dihedral. “The test~ of reference 7 were mde”without filletg. The effect
of filleting is to reduce the variation of AC1+ with CL. For the well-

filleted model of reference 8, there is little variation of AC
1+

with CL up to CL = 0.9,, at which point the previously mentioned flow

breakdown occurs, and the action is somewhat Himilar to the action of
the u-nfilletedwing of figure 47.

Figure 48 indicates that variation of fumlage Hhap or eweepback
angle ha~ odya secondary effect on the variationof ACz$ with vertical

position ~ of the wing on the fuselage. The vd.ue AC~+. -0.0010

mentioned previously for the airplane model ia spotted on the graph, and
the correlation is good.

For the complete model, em effective dihedral of about 10°
.

(Clv
= 0.0020

)

was obtained at (&l.o for most of the conditions
\
investigated. The dihedral effect obtained with the wing alone was *

appreciably increaaed, inaemuch as the negative dihedrd effect of the
wing–fuselage interference iH absent (figs. 38 aad ~). The rate of .—


